Evolutionary relationships among putative RNA-dependent RNA polymerases encoded by a mitochondrial virus-like RNA in the Dutch elm disease fungus, Ophiostoma novo-ulmi, by other viruses and virus-like RNAs and by the Arabidopsis mitochondrial genome.
The nucleotide sequence (2617 nucleotides) of virus-like double-stranded (ds) RNA 3a in a diseased isolate, Log1/3-8d2 (Ld), of the ascomycete fungus Ophiostoma novo-ulmi has been determined. One strand of the dsRNA contains an open reading frame (ORF) with the potential to encode a protein of 718 amino acids, and the complementary strand contains two smaller ORFs with the potential to encode proteins of 178 and 182 amino acids, respectively. The large ORF contains 12 UGA codons which code for tryptophan in ascomycete mitochondria and has a codon bias typical of mitochondrial genes, consistent with the localization of Ld dsRNAs within the mitochondria. The amino acid sequence contains motifs characteristic of RNA-dependent RNA polymerases (RdRps). This putative RdRp was shown to be related to putative RdRps of mitochondrial dsRNAs of another ascomycete and a basidiomycete fungus and also to a putative RdRp encoded by the mitochondrial genome of Arabidopsis thaliana. In multiple sequence alignments, the fungal mitochondrial dsRNA-encoded RdRp-like proteins formed a cluster, ancestrally related to the RdRps of the yeast 20S and 23S RNA replicons and of the positive-stranded RNA bacteriophages of the Leviviridae family, but distinct from RdRps of other families and genera of fungal RNA viruses and related plant and animal RNA viruses. Northern blot analysis with RNA 3a strand-specific probes indicated that nucleic acid extracts of Ld contain more single-stranded (positive-stranded) RNA than dsRNA, consistent with an evolutionary relationship between RNA 3a and positive-stranded RNA phages.